second and third order veins were obtained from five different leaves and imaged with the 2 0 2 protocol described below for quantification of length and radius of the sieve tube elements. Due to the small size of leaves from seedlings, leaf material fixed in 4% acrolein, followed by 2 0 4 embedding in Technovit 8100 prior to serial sectioning with a microtome as previously described. Variation among areas, sieve tube lengths, radius, and numbers from leaves were 2 0 6 averaged and means compared among the different vein orders using a one way ANOVA and 2 0 7
Tukey test at a P<0.05. All statistical analysis were performed with SPSS software (SPSS Inc., carboxifluorescein (CF) (reviewed in Knoblauch et al., 2015) , in the secondary veins of both supplemented with and 0.1% of the surfactant SilEnergy (RedRiver Specialties Inc., Shreveport, 2 1 7 LA, USA) was applied with a micropipette to the distal most part of the secondary veins 2 1 8 (adapted from Jensen et al., 2011 , Savage et al., 2013 . To allow a better permeabilization of the 2 1 9 dye, the tip of the pipette was used to slightly abrade the thick cuticle, and the small window to prevent desiccation. To track the movement of the dye, we used a portable Stereo Microscope
Fluorescence Adapter with 510-540nm excitation wavelength, and a long pass 600nm filter band the dye front to travel a known distance. Illicium parviflorum shrubs have numerous lateral branches and a short thicker stem (Fig. 1) .
Younger branches are green (2-10mm diameter) and support spirally arranged leaves, whereas 10cm long, whereas 6-10mm diameter stems extend through 50cm. While the ratio of leaf number to stem length is higher in the youngest stems (0.7±0.07SE) compared with older ones 2 3 7
(0.5±0.03SE), the average leaf area increases from 13.4cm 2 in the thinner stems (2mm diameter, we considered the diameter of the stem as a proxy to infer the distance from the base of the plant.
4 0
To understand the area that each tissue occupies in the cross section of the stems, we measured 2 4 1 the radius of the ring formed by the cortex, the phloem, the xylem, and the pith, and calculated 2 4 2 the area:
), being A area, R n the radius of each ring tissue, and R the total radius of 2 4 3 the stem. We then normalized these areas to the percentage of total cross sectional area occupied, as the stems increase in diameter ( Fig. 2a-c) , and an opposite pattern for the xylem tissue.
Strikingly, the proportion of the cross-sectional area occupied by the phloem tissue was
maintained in all stem diameters evaluated ( Fig. 2d ). Because the phloem tissue is composed of The morphology of the individual sieve tube elements further exhibit variation across stem 1 2 decreasing resistance on the pressure required to drive sap flow in the leaves, we used the
resistor analogy recently applied to trees (Savage et al., 2017) . This model assumes that the We calculated Δ p across a transport length (L) for different diameter stems, assuming a constant
linear flow velocity (U), and the average sieve element radius (r) and length (l), and our estimate diameters). Thus, with a fixed viscosity and relatively low pressures, the small branches of
Illicium parviflorum could be much longer without compromising carbohydrate transport. The
higher phloem sap velocity measured in seedlings implies that the pressure required to transport range of most measured angiosperms. It has to be noted that seedlings, similar to younger
branches, rarely reach lengths longer than 0.05m without widening their stems.
Using the geometrical parameters of the sieve tube elements from leaves, we evaluated the
lumen hydraulic resistance in different vein orders (Fig. 8b) . As in the stems, phloem hydraulic
resistance decreased by over an order of magnitude from tertiary veins to the petiole. The current work shows that the increase in stem diameter in I. parviflorum towards the base of pointing to a conserved mechanism associated with attainment of an arborescent growth form et al., 2017; Savage et al., 2017) . However, pore sizes of the sieve plates were previously reported in the wood (Feild et al., 2003a; 2004; Feild et al., 2009) .
Interestingly, the proportional cross-sectional area of the phloem in different stem diameters of angiosperms and requires further attention (Grimm et al., 1997; Ray & Jones, 2018) . ( Russin & Evert, 1985; Turgeon, 2006; Carvalho et al., 2017a Carvalho et al., , 2018 . A high number of most reliable measure of loading type, which has yet to be applied to Illicium parviflorum leaves. Liesche et al., 2015; Jyske & Holtta, 2015; De Schepper et al., 2013; Comtet et al., 2017) .
However, our calculations indicate that even without increases in stem diameter, I. parviflorum
branches could reach significant lengths without compromising phloem transport. In addition, our evaluations of carbon low assimilation rates in greenhouse conditions are in mature leaves. In parallel, the measured velocity of sap in the seedlings is threefold higher 4 2 9
than that of adult leaves, suggesting a functional flexibility of the phloem through ontogeny. investigations.
3 7
Phloem dynamics and the ecophysiology of early angiosperms
Despite the understory origins of woody angiosperms, organismal scaling of sieve tube elements
of the phloem appears as a conserved mechanism that predates the origin of woody flowering 
